1 Secondary metabolites are heterogeneous natural products that often mediate 2 interactions between species. The tryptophan--derived secondary metabolite, 3 psilocin, is a serotonin receptor agonist that induces altered states of consciousness. 4
Secondary metabolites (SMs) are small molecules that are widely employed in 16 defense, competition, and signaling among organisms (Raguso et al. 2015) . Due to 17 their physiological activities, SMs have been adopted by both ancient and modern 18 human societies as medical, spiritual, or recreational drugs. Psilocin is a 19 psychoactive agonist of the serotonin (5--hydroxytryptamine, 5-HT) --2a receptor 20 (Halberstadt and Geyer 2011) and is produced as the phosphorylated prodrug 21 psilocybin by a restricted number of distantly related mushroom forming families of 22 the Agaricales (Bolbitiaceae, Inocybaceae, Hymenogastraceae, Pluteaceae) (Allen 23 2010 May 19; Dinis--Oliveira 2017). Hallucinogenic mushrooms have a long history 24 of religious use, particularly in Mesoamerica, and were a catalyst of cultural 25 revolution in the West in the mid 20th century (Nyberg 1992; Letcher 2006) . While the ecological roles of psilocybin, like most SMs, remain unknown, psilocin's 38 mechanism of action suggests metazoans may be its principal targets. 39
40
A common feature of fungal SM biosynthesis is the organization of most or all 41 required anabolic, transport, and regulatory elements in gene clusters (GCs). GCs 42 are often discontinuously distributed among fungal taxa, partly due to horizontal 43 transfer (HT) among species with overlapping ecological niches (Gluck--Thaler and 44
Slot 2015). The sparse phylogenetic distribution of psilocybin, coupled with the 45 requirement for multiple enzymatic steps for its biosynthesis (tryptophan--46 decarboxylation, N--methylation, indole--4--hydroxylation, and O--phosphorylation), 47 suggest the psilocybin pathway might have dispersed via horizontal GC transfer, and 48 therefore the genetic mechanism for psilocybin biosynthesis might be identified in 49 searches for GCs with a common phylogenetic history and distribution among 50 psilocybin producing (PS+) mushrooms. The pattern of HT events may further 51 suggest ecological pressures that have driven the pathway's persistence (Baquero 52 2004) . 53
54
We identified candidate psilocybin genes by sequencing three diverse PS+ 55 mushroom monokaryon genomes ----Psilocybe cyanescens, Panaeolus (=Copelandia) 56 cyanescens, and Gymnopilus dilepis (Table 1) , and comparing them to three related 57 mushrooms not known to produce psilocybin (PS--): Galerina marginata, Gymnopilus 58 chrysopellus, and Hypholoma sublateritium. Of 37 gene homolog groups (HGs) 59 consistent with a PS+ distribution among these taxa, only five were clustered, all in 60 PS+ genomes ( Fig. S1 --pipeline and HGs). We retroactively designated Gy. 61 chrysopellus, potentially PS+ because it possesses a cluster identical to Gy. dilepis, 62 which is not a surprising oversight given inconsistent identifications, and 63 geographical variation among Gymnopilus spp. phenotypes. Predicted functions of 64 these five genes were also consistent with psilocybin biosynthesis and metabolite 65 transport, and were putatively designated tryptophan decarboxylase (TDC), 66 tryptamine N--methyltransferase (TMT), dimethyltryptamine--4--hydroxylase (D4H), 67 psilocin phosphotransferase (PPT), and psilocybin transporter (PST). As SM GCs are 68 infrequently identified in Basidiomycota compared with Ascomycota, this is a 69 notable discovery (Quin et al. 2014) . 70
71
To confirm GC function, we profiled the enzymology of heterologously expressed 72 TDC and PPT, and assayed by LC--MS/MS analyses. We determined that TDC, the first 73 hydroxy--L--tryptophan (5--HTP) under the same conditions. We note that TDC is 78 similar to type II phosphatidylserine decarboxylases (PSDs), but has no significant 79 sequence similarity with a pyridoxal--5'--phosphate--dependent decarboxylase 80 recently characterized in Ceriporiopsis subvermispora as specific for L--tryptophan 81 In addition to similar ecological pressures, similar genome content among wood and 145 dung--decaying fungi may also reflect the ecological diversification of 146
Agaricomycetes that accompanied major geological transformations (Fig. 2B) . For 147 example, the emergence of true wood opened a massive saprotrophy niche space in 
